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ABSTRACT • Experiments were conducted to determine the elastic and strength properties of the face and core 
layers of a commercial OSB/3 (oriented strand board) panel, 18 mm thick. Five elastic constants for each layer, 
as well tensile strength in three directions (0°, 45° and 90° with respect to the major OSB axis) were obtained 
in tension testing. Deformations of the samples were measured with the aid of resistance strain gauges. All the 
Young’s moduli as well as the shear modulus of the face layer were distinctly higher than those of the core layer 
(2.18 – 2.23 and 2 times, respectively). The density of the face layer turned out to be 40 % higher than that of the 
core one. All the obtained results confi rm that the face and core layers of the OSB/3 panel differ considerable in 
respect of density, elastic and strength properties but they have orthotropic properties.
Key words: elastic and strength properties, oriented strand board (OSB), orthotropy, Young’s modulus, shear 
modulus
SAŽETAK • Istraživanja su provedena kako bi se odredila elastična svojstva i čvrstoća vanjskih i unutarnjih 
slojeva komercijalne OSB/3 ploče debljine 18 mm. Primjenom vlačnog testa dobivene su vrijednosti pet konstanti 
elastičnosti za svaki sloj, kao i vlačna čvrstoća u tri smjera (0°, 45° i 90° s obzirom na glavnu os OSB ploče). De-
formacije uzoraka mjerene su mjernim instrumentima za otpornost materijala. Sve vrijednosti Youngova modula 
elastičnosti, kao i vrijednosti modula smicanja vanjskih slojeva, bile su značajno veće od vrijednosti dobivenih za 
unutarnje slojeve (2,18 – 2,23 puta veće za Youngove module elastičnosti i dvaput za module smicanja). Gustoća 
vanjskoga sloja bila je 40 % veća od gustoće unutarnjih slojeva ploče. Svi dobiveni rezultati potvrđuju da se 
vanjski i unutarnji slojevi OSB/3 ploče značajno razlikuju u smislu gustoće, elastičnih svojstava i čvrstoće, ali 
pokazuju i ortotropna svojstva ploče.
Ključne riječi: elastična svojstva i čvrstoća, ploče s orijentiranim iverjem (OSB), ortotropna svojstva, Youngov 
modul, modul smicanja
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1  INTRODUCTION
1.  UVOD
Oriented strand board (OSB) made from hot-
pressing strand mats, consisting of slender wood 
strands glued with water-resistant resins (OSB/3 and 
OSB/4 grades), usually are formed of three layers 
crossing at right angle. Strands in the upper and lower 
faces are oriented approximately along the major 
board axis, but in the core strands they are usually at 
90° to this direction. OSB is often assumed to be an 
orthotropic material (Canadido et al., 1988; Wang and 
Chen, 2001; Zhu et al., 2005), but it is rather a three-
layer cross laminate (Bodig and Jayne, 1982), and 
only on condition that the layers are strictly ortho-
tropic and the number of the layers is big enough the 
laminate may be assumed to be orthotropic, too (Ash-
kenazi, 1978).
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The moduli of elasticity (MOEs) of the entire 
OSB panel mentioned in the PN-EN 300, PN-EN 310, 
PN-EN 12369-1 and PN-EN 789 standards are ob-
tained in bending tests with the load perpendicular to 
the panel plane. Actually, for the OSB panel treated in 
bending perpendicularly to the plane as a layered sys-
tem (Bodig and Jayne, 1982), the moduli of the various 
layers may be converted to a single modulus for the 
entire OSB specimen using so-called transformed 
cross section method. Therefore, OSB as a layered sys-
tem can be modelled using an equivalent homogenous 
material for which the moduli of elasticity in directions 
of major and minor board axes are assumed to be con-
stant throughout the entire cross section of the OSB 
panel. Obtained in such bending tests, the values of the 
OSB moduli of elasticity are completely incomparable 
with those obtained by the tension, compression or 
bending tests in the plane of the panel (Suzuki, 2000). 
MOE of the entire OSB sample in bending perpendicu-
lar to the panel plane in contrast to the in-plane bending 
is strongly, nonlinearly, affected not only by the strand 
orientation but by the face/core ratio, as well (Suzuki, 
2000; Chen et al., 2008). Additionally, moduli obtained 
according to the above mentioned standards are useless 
for the design of the composite box- or I-beams, where 
OSB webs of those beams are in two-dimensional 
stress state (in plane stress), as a consequence of their 
in-plane bending. Therefore, the OSB moduli of elas-
ticity estimated by the out-of-plane bending tests are 
only the apparent moduli (Carll and Link, 1988; Thom-
as, 2003). These effective OSB moduli of elasticity are 
infl uenced not only by the shape, size and distribution 
of strands (Nishimura et al., 2004), but also by the ori-
entation of the strands, particularly in surface layers 
(Shupe et al., 2001; Wang and Chen, 2001). Therefore, 
the infl uence of these and many other factors on the 
effective MOE of OSB was often investigated but usu-
ally on plates manufactured in laboratory. Many theo-
retical models to investigate the infl uence of orienta-
tion level of strands or also of the vertical density 
profi le and other factors on the effective MOE of OSB 
plates (Xu, 2000; Painter et al., 2006a,b) were devel-
oped, too. A methodology to explain the fundamental 
formation of the vertical density profi le of OSB plates 
during the processing period was developed by Winis-
torfer et al. (2000) and by Wang and Winistorfer 
(2000). The industrially manufactured OSB have “U” 
(Böhm et al., 2011) or rather “M” shaped vertical den-
sity profi le (Painter et al., 2006a,b) in numerical simula-
tions assumed to be symmetrical about the mid-plane. 
Therefore, both the surface layers have a higher density 
than the internal one and consequently the OSB panel 
achieves higher bending strength and bending MOEs. 
To determine the variation in strength and elastic prop-
erties through the thickness of the OSB panel, Steidl et 
al. (2003) divided 23/32-inch-thick commercial south-
ern pine OSB panel into 15 layers to obtain thin-layer 
specimens for tension and compression testing. The 
layer properties were used to predict the entire panel 
bending properties (apparent bending MOEs) but the 
experimental data were not as good as expected.
The objective of this study was to obtain experi-
mentally all the elastic constants of the surface and in-
ner layers of a commercial OSB panel, which are es-
sential for the prediction of the elastic constants of en-
tire OSB plate according to the laminate theory (Bodig 
and Jayne, 1982). The assumption was made that the 
OSB panel is a symmetric laminate consisting of three 
orthotropic layers crossing at right angle. More direct 
method of strain measurements with the aid of resist-
ance strain gauges was chosen.
2  MATERIAL AND METHODS
2.  MATERIJAL I METODE
All specimens were cut from one 1250 by 2500 
mm, 18 mm thick commercial OSB/3 panel. The 
OSB/3 panel (bearing panel for use in wet conditions, 
according to the PN-EN 300 standard) was formed of 
three layers crossing at right angle. The inner layer 
(core) was bonded with the MDI (methylene-diphe-
nyle-diisocyanate) adhesive, while the outer layers 
(faces) were bonded with the MUPF (melamine-urea-
phenol-formaldehyde) resins. The OSB panel was 
made of fl at, differently wide strands (generally of pine 
wood – Pinus sylvestris L.), 100 - 120 mm long and 0.6 
mm thick and manufactured with the use of the Conti-
Roll press by Kronopol-Żary, Poland. The faces/core 
weight ratio of the OSB/3 panel was about 50 / 50, in 
accordance with the manufacturer’s data. The average 
density of the OSB/3 panel of 593 kg/m3 was obtained 
in accordance with the PN-EN 323 standard just before 
the mechanical investigations at the average moisture 
content of 7.6 % obtained in accordance with the PN-
EN 322 standard on the same specimens.
The preparation of the specimens for the experi-
ments of elastic and strength properties consisted of 
two stages. In the fi rst stage, 72 full-thickness test piec-
es 510 by 30 mm were cut from the OSB/3 panel: 25 
pieces at 0°, 20 pieces at 90° and 27 at 45° with respect 
to the longer edge (major axis) of the OSB sheet. Five 
pieces of each orientation type, in total 15 pieces, were 
randomly selected from the larger group for the experi-
ments of elastic properties. Similarly, another 15 pieces 
were randomly selected for the experiments of strength 
properties.
In the second stage, all the selected pieces were 
sawn into two separate specimens: the inner ones 5.5 
mm thick from a core layer, symmetrical about the 
OSB mid-plane and the surface ones 3 mm thick, al-
ways from the same, upper face layer. Such thickness 
of the specimens was chosen because of a lack of the 
technical data about the thickness of individual layers 
of 18 mm thick OSB/3 plates. The thickness of both 
face layers was estimated to be between 2 and 3.5 mm 
(on the basis of our own experiments).
All the 30 specimens of three orientation types 
and of two separate layers, provided for the experi-
ments of elastic properties, were equipped with two 
120 ohm strain gauges of TFs-15/120 or HBM 10/120 
LY 11 types situated at right angles to each other on the 
surface of each specimen in such a way that one of the 
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strain gauges was situated parallel to the longer edge of 
this specimen (Fig. 1.). The specimens in the form of 
thin rectangular parallelepipeds were investigated in 
quasi-static tension tests. The gravity loading was real-
ized by steel disks underslung to the bottom end of the 
specimen when the top end of the specimen was 
chucked directly in immovable grips of the FPZ 100/1 
testing machine. Only the diagonal specimens (cut at 
45° with respect to the OSB major axis) were fastened 
with the aid of special grips with a rod inserted into two 
bore-holes of 9 mm diameter, 40 mm from the ends of 
these specimens to enable shear strains without addi-
tional shear stresses. Before the basic tension tests, all 
the specimens were subjected to a mechanical precon-
ditioning consisting in fi vefold loading-unloading cy-
cles (from the preload to the maximum load) to mini-
mize the infl uence of plastic strains on the results of 
these experiments.
Three various levels of the maximum load were 
chosen, taking into consideration the cross-section of 
each specimen type (face or core), as well as their ori-
entation (at 0°, 45° or 90° with respect to the OSB 
panel major axis). These load levels were chosen as-
suming that the stress level during the tension tests 
should not exceed 30 % of the tensile strength. Each 
specimen was subjected to a fi vefold load, from the 
preload up to the maximal load, while the longitudinal 
and transverse unit strains were measured using strain 
gauges connected with a measuring amplifi er Mikro-
techna 1101 and two digital voltmeters.
Assuming that layers (laminae) of the OSB panel 
are homogenous orthotropic materials, then fi ve elastic 
constants in a plane stress state are needed to establish 
the Hooke’s law relationship between the stress and 
strain states for each of the layers. Four of them are 
independent: the Young’s moduli in direction 1 and 2, 
E1 and E2; the shear modulus, G12 and the major Pois-
son’s ratio, 12. The fi fth elastic constant, 21, is a func-
tion of the other constants, and it may be determined 
from the relation: 21E1 = 12E2 (Ashton et al., 1969), 
regarding the symmetry of the stiffness matrix.
Since the assumption that the OSB layers are ho-
mogenous orthotropic materials was not evident in this 
study, it was decided to experimentally determine all 
the fi ve elastic constants of each layer in three separate 
tension tests (Fig. 1). Figure 1 shows three types of ten-
sile specimens cut out from the outer (face) layer of the 
OSB/3 panel. 
The scheme of the tension tests on the inner 
(core) layer specimens was similar, but on account of 
different strand orientation in this core layer, which is 
perpendicular to the major OSB panel axis, x1, it was 
no more the major axis of the orthotropic core layer – it 
was truly their minor axis.
Finally, destructive tension tests on another 30 
specimens (15 face and 15 core specimens), with fi ve 
specimens of each orientation type (0°, 45° and 90° 
with respect to the major OSB panel axis, x1), were car-
ried out using a FPZ 100/1 testing machine. The cross-
head speed of 1.2 mm/min was selected so that the fail-
ure of the specimen occurred within 90 ± 30 seconds. 
Additionally, the density of the face and core layers 
was determined, on 25 specimens each time.
3  RESULTS AND DISCUSSION
3.  REZULTATI I RASPRAVA
Two elastic constants: the Young’s modulus, E1, 
and the major Poisson’s ratio, 12, of the face layer 
(Fig. 1a) and another two: the Young’s modulus, E2, 




x 2  
x1  














Figure 1 Scheme of loading and strain measurement for the tension tests of face specimens. Specimens orientation: a) at 0°; 
b) at 90°; c) at 45° with respect to the major OSB panel axis, x1
Slika 1. Shema opterećenja uzoraka i mjerenja naprezanja pri vlačnom testu uzoraka vanjskih slojeva ploče. Orijentacija 
uzoraka: a) 0°; b) 90°; c) 45° u odnosu prema smjeru glavne osi OSB ploče x1
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    (1)
    (2)
while the shear modulus, G12, was obtained in three 
ways:
directly, from the third tension test (Fig. 1c) as:
  (3)
Where:   






2, 2, 1’ – normal stresses1, 2, 1’, 2’ – longitudinal and transverse unit strains
E1, E2, E1’ –  moduli of elasticity in the principal (x1 
and x2) OSB panel directions and at 
a = 45° with respect to the major OSB 
panel axis, x1, respectively12, 21, 1’2’ –  Poisson’s ratios in principal (x1, x2) and 
rotated at a = 45° (x1’, x2’) axes, respec-
tively
Obviously, the formulae (3-5) are valid only in 
the case when the material tested is orthotropic, in the 
strict sense (Ashkenazi, 1978).
The results obtained from the elastic tension tests 
are summarized in Tables 1 and 2. Table 1 presents the 
results of the tension tests on elastic constants of the 
outer (face) layer of the 18 mm thick OSB/3 panel, 
while Table 2 gives the results of similar tension tests 
for the inner (core) layer of this panel.
Table 1 clearly shows that the mean value of the 
Young’s modulus of the OSB face layer in the major 
panel direction, E1, is by above 38 % greater than E2 (in 
the minor panel direction). The mean value of E1’ 
Young’s modulus in the x1’ direction (Fig. 1c) turned 
out to be smaller than E1 but greater by 30 % than E2. 
Table 1 Elastic constants of the face layer of OSB/3


















E1 5148 976 19.0 6.9 24
E2 3721 628 16.9 6.9 25
E1’ 4845 1615 33.3 6.9 25
Poisson’s ratios
Poissonov omjer
ν12 0.204 0.122 59.8 6.9 24
ν21 0.234 0.156 66.6 6.9 25





1776 Calculated by the formula (3) / izračunano prema jednadžbi (3)
2263 Calculated by the formula (4) / izračunano prema jednadžbi (4)
2048 Calculated by the formula (5) / izračunano prema jednadžbi (5)
Table 2 Elastic constants of the core* layer of OSB/3

















E1 1666 285 17.1 8.5 25
E2 2314 533 23.0 8.5 25
E1’ 2221 785 35.3 8.5 25
Poisson’s ratios
Poissonov omjer
ν12 0.202 0.145 71.8 8.5 25
ν21 0.226 0.080 35.4 8.5 25
ν1’2’ 0.239 0.080 33.5 8.5 25
Shear modulus, MPa
modul smicanja, MPa G12
896 Calculated by the formula (3) / izračunano prema jednadžbi (3)
989 Calculated by the formula (4) / izračunano prema jednadžbi (4)
1037 Calculated by the formula (5) / izračunano prema jednadžbi (5)
* The major OSB panel axis, x1, is not the major axis of the core layer but it is their minor axis. / Glavna os OSB ploče x1 nije glavna os unu-
tarnjeg sloja ploče, ali je njegova druga os.
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From amongst the Young’s moduli determined for the 
OSB face layer, the E1’ modulus produces the most 
scattered results.
The determination of the Poisson’s ratios for 
OSB is signifi cantly more diffi cult than the determina-
tion of the Young’s moduli (Thomas, 2003) because it 
requires very sensitive measuring equipment and, ad-
ditionally, is considerably affected by the OSB hetero-
geneous structure. The “major” Poisson’s ratio, 12, 
produces the most scattered results, and the Poisson’s 
ratio, 1’2’, the least scattered results, as determined 
during the tension test on diagonal specimens (Fig. 1c). 
The value of 1’2’ turned out to be much greater (by 
above 78 %) than 12 and by above 55 % greater than 21 (Table 1). The mean value of the shear modulus, 
G12, of the face layer depending on the formula (3, 4 or 
5) used, ranged from 1776 MPa to 2263 MPa. 
Table 2 clearly shows that the mean value of the 
Young’s modulus of the OSB core layer in the minor 
panel direction, E2, is by above 39 % greater than E1 (in 
the major panel direction). The mean value of E1’ 
Young’s modulus (in the x1’ direction) turned out to be 
somewhat smaller than E2 but by 33 % greater than E1. 
Among the Young’s moduli determined for the core 
OSB layer, this E1’ modulus, like that for the face layer, 
produces the most scattered results. Table 2 clearly 
shows that the mean value of the shear modulus, G12, of 
the core layer ranged from 989 MPa to 1037 MPa, de-
pending on the formula (3, 4 or 5) used. Comparing the 
Young’s moduli values of both the OSB panel layers 
(Tables 1 and 2), it is evident (taking into account the 
same strand orientation to the applied tension in test-
ing) that the Young’s moduli of the face layer are 2.18 
– 2.23 times higher than those of the core layer.
The ratios of the E1 (face) to the E2 (core) and of 
the E2 (face) to the E1 (core) were practically identical 
and amounted to 2.22 and 2.23, respectively. Only the 
ratio of the E1 (face) to E1’ (core) was slightly lower and 
amounted to 2.18.
Similar relationship can be observed between the 
shear moduli values of both the OSB panel layers. The 
ratio of the G12 (face) to the G12 (core) amounted to 1.98 
(taking into account values obtained from the formulae 
3 or 5) and 2.29 (taking into account the formula 4). All 
the obtained Young’s and shear moduli were, therefore, 
twice or more higher in the face layer than in the core 
layer.
This phenomenon was probably caused by great-
er density of the face layer than that of the core layer. 
The density measurements of OSB layers (each time 
on 25 samples) resulted in mean densities (taking into 
account the standard deviation) of 749 ± 22 kg/m3 for 
the face layer and 535 ± 12 kg/m3 for the core layer. 
Therefore, it turned out that the face layer density was 
1.4 times greater than the core layer density. This face/
core density ratio is in good accordance with the results 
of the numerical simulations of OSB vertical density 
profi le carried out by Painter et al. (2006a). Taking into 
consideration earlier obtained OSB panel density of 
593 kg/m3, it was possible to estimate the thickness of 
each layer. These estimated values of 0.7 h for the core 
layer (where h - thickness of the OSB panel) and 0.15 
h for the face layer are in good accordance with the 
data obtained on the basis of our own earlier, unpub-
lished experiments.
Similar correlation between Young’s moduli in 
tension and density of OSB layers was proved by Steidl 
et al. (2003). They explained the relatively high scatter 
of tensile properties of OSB layer (average coeffi cient 
of variation of 39 %) by the small specimen size used 
in their work. In this study, in spite of the smaller spec-
imen size, the average coeffi cient of variation for all 
Young’s moduli of both the OSB layers was consider-
ably lower and amounted to 19 %. It was probably 
caused by the greater thickness of the face and core 
specimens (3 and 5.5 mm, respectively) than in the ex-
periment of Steidl et al. (2003), where it was about 1.2 
mm. The smaller thickness of the OSB specimens un-
doubtedly resulted in their higher non-homogeneity.
Specimens cut from an entire OSB panel parallel 
to their major axis, x1, will indicate greater differentia-
tion of elastic properties through the thickness than 
specimens cut perpendicular to this axis. The ratio of 
the E1 (face) to the E1 (core) amounted to 3.09, while 
the ratio of the E2 (face) to the E2 (core) only amounted 
to 1.61. This will be due to a combination of a denser 
face and the strands being oriented parallel or perpen-
dicular to the applied tension. Steidl et al. (2003) came 
to similar conclusions.
The values of Poisson’s ratios (except 1’2’) turned 
out to be quite similar for both the layers. Similarly as 
for the face layer, 1’2’ achieved the highest value of the 
Poisson’s ratio for the core layer – obtained at 45° to 
the principal (x1 and x2) OSB panel directions.
In spite of identical test conditions (air tempera-
ture and relative humidity), the moisture content (MC) 
of face and core specimens, determined after the elastic 
tension testes were completed (Tables 1 and 2), turned 
out not to be identical. The MC of the core specimens 
(8.5 %) was somewhat higher than that of the face 
specimens (6.9 %). This phenomenon was probably 
caused by the lower density of the core layer and by 
some OSB processing factors, too. Neimsuwan et al., 
(2008) established that a higher compression ratio 
leads to a slight decrease in strands equilibrium mois-
ture content (EMC). They additionally stated that the 
strand EMC is affected by the platen temperature as 
well as by  the wax and resin loading.
Table 3 summarises the results of the additional, 
destructive tension tests on the OSB face and core lay-
ers. It shows that the samples cut from the OSB face 
layer at 0° (to the major OSB axis, x1) had the highest 
tensile strength, while the samples cut from the core 
layer at the same direction had the lowest tensile 
strength. The values of the mean tensile strength for all 
types of core samples (0°, 45° and 90°) turned out to be 
decidedly lower than those obtained for the face sam-
ples. All the tensile strength data in Table 3 are surpris-
ingly low in comparison with the PN EN 12369-1 
(2002) standard requirements for the OSB/3 (9.4 MPa 
at 0° and 7 MPa at 90°, respectively). This phenome-
non was probably caused by the modifi ed experiment 
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procedure due to the use of very thin samples. Because 
of that, the increased non-homogeneity of these sam-
ples, in regard to the whole OSB panel, has probably 
increased the stress concentration and induced their 
premature failure.
Specimens cut from an entire OSB panel parallel 
to their major axis, x1, will be indicate greater differen-
tiation of strength properties through the thickness than 
specimens cut perpendicular to this axis.
In the fi rst case, the ratio of the tension strength of 
the face to the core layer amounted to 2.9, while in the 
second case it was only 1.34. This was, similarly as for 
elastic properties, due to a combination of a denser face 
and the strands being oriented parallel or perpendicular 
to the applied tension. The fi rst ratio is smaller and the 
second greater than those reported by Steidl et al. (2003).
4  CONCLUSIONS
4.  ZAKLJUČAK
All the obtained results confi rmed that the face 
and core layers of commercial OSB/3 panel, 18 mm 
thick, differ considerably with respect to density, elas-
tic and strength properties. However, they show the 
characteristics of an orthotropic material with their 
strongest properties in the direction of the strand orien-
tation. Due to the lack of the manufacturer’s data on 
the thickness of individual layers of OSB panel, the 
thickness of each face layer was, experimentally, esti-
mated between 2 and 3.5 mm. The density of the face 
layer was 40 % higher in comparison with that of the 
core layer. According to all three investigated direc-
tions (0°, 45° and 90°) used in  this study, all the 
Young’s moduli of the face layer were 2.18 - 2.23 times 
higher than those of the core layer. Similarly, the shear 
modulus of the face layer was twice higher than that of 
the core layer. Only the values of Poisson’s ratios (ex-
cept for ν1›2›) were quite similar for both layers. In spite 
of the distinct differences between the values of all the 
elastic moduli obtained for both OSB/3 layers, the ra-
tios of the E1 to E2 moduli for each layer were practi-
cally identical and amounted to 1.38 (in the core layer 
E2 to E1). This phenomenon is probably caused by a 
similar degree of strand alignment in both face and 
core layers. The tensile strength values for both OSB 
layers showed distinct differences, too. The ratios of 
the tension strength of face to core layer obtained in 
tension tests at 0°, 45° and 90° (with respect to the 
strand direction) were 2.43, 1.34 and 1.6, respectively.
Specimens cut from the entire OSB panel parallel 
to their major axis will indicate greater differentiation 
of elastic and strength properties through the thickness 
than specimens cut perpendicular to this axis. This phe-
nomenon is caused by a combination of denser OSB 
face and identity of strands and tension directions.
This study enhances the understanding of the me-
chanical behaviour of OSB panels and may be useful to 
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